Abstract: Drought is a major abiotic stress factor affecting the growth and development of plants at all stages. Developing a screening tool for identifying drought stress tolerance during seedling establishment is important in the deployment of rice varieties suited to water-limited growing environments. An experiment was conducted to evaluate 100 rice genotypes, mostly belonging to the tropical japonica subspecies, for drought stress tolerance using low-cost, pre-fabricated mini-hoop structures. The rice seedlings were subjected to two different soil moisture regimes-control pots managed at 100% and drought pots at 50% field capacity, from 12 to 30 days after sowing (DAS). Several morpho-physiological parameters including root traits were measured to assess the response of genotypes to drought stress. Significant moisture stress × genotype interactions were found for most of the parameters measured. A cumulative drought stress response index (CDSRI) was developed by adding the individual response indices of all cultivars. Based on CDSRI and standard deviation values, 5 and 28 genotypes were identified as highly sensitive and sensitive to drought, respectively, and 45 as moderately sensitive. On the other hand, 16 and 6 genotypes were classified as tolerant and highly tolerant to drought, respectively. Cheniere, a released cultivar, and RU1402174, an experimental breeding line, were identified as the least and most tolerant to drought among the 100 genotypes tested. Significant linear correlation coefficients were obtained between CDSRI and root growth parameters (R 2 = 0.91, n = 100) and CDSRI with shoot growth parameters (R 2 = 0.48, n = 100), revealing the importance of root traits in studying and identifying drought tolerant lines during the seedling establishment stages in rice. The tolerant rice genotypes identified will be valuable for rice scientists in studying the mechanism for early season drought as well as for rice breeders for developing new genotypes best suited under growing environments prone to early-season drought.
Introduction
Rice (Oryza sativa L.) is one of the most widely consumed cereal crops across the globe, providing a staple diet for almost half of the human population [1] . As an annual C 3 crop of the Poaceae family, rice is diverse in adaptation, with rice growing occupying large areas in the tropics, subtropics, semiarid tropics, and temperate regions of the world [2] . Water is undoubtedly one of the most precious inputs that rice requires to grow optimally during its entire life cycle starting from We hypothesized that the potential variability in the genotypes could serve as a pre-breeding resource for the U.S Midsouth and similar rice-growing areas under limited irrigation conditions. The overall objective of the present study, therefore, was to explore the morphogenetic plant features of rice related to early vigor and trait expression under water-limited conditions among tropical japonicas. Specific objectives were to (1) screen different rice germplasm for drought stress tolerance based on their above and below-ground traits; (2) classify rice genotypes based on combined stress response index to limited water conditions, and (3) study the interrelationships among different morphometric traits. We expect that this information will be useful for identifying promising genetic donors for tolerance to responsiveness to limited moisture stress that can be used for breeding promising rice varieties.
Materials and Methods

Germplasm Used and Experimental Setup
A total of 100 rice genotypes were evaluated for response to drought during the summer of 2016. Of these, 95 belonged to the tropical japonica varietal group, four were indicas (El Paso 144, Inia Tacuari, IRGA409, and N-22), and one was a temperate japonica (Niponbare). Seventy of these genotypes were breeding lines under development while 30 were commercially released varieties. Of the latter, 25 were released for commercial use in the US Midsouth. The experiment was conducted using pre-fabricated mini-hoop structures (Figure 1 ) located at the Rodney Foil Plant Science Research facility of Mississippi State University, Mississippi State, USA (33 • 28 N, 88 • 47 W), MS, USA. Each structure consisted of a PVC framework with 4 MIL polythene wrapping having the dimensions of 2 m width × 1.5 m height × 5 m length. Space was enough to cover 300 pots in each structure and accommodate one experimental set of three replications. Fungicide-treated seeds were sown in 600 polyvinyl-chloride pots (15.2-cm diameter and 30.5-cm height) filled with the soil medium comprising of 3:1 sand/top soil classified as a sandy loam (87% sand, 2% clay, and 11% silt) and the bottom of each pot was filled with 500 g of gravel. Initially, five seeds were sown in each pot at optimum depth and, 7 days after emergence, the plants were thinned to one per pot. Plants were irrigated three times a day through an automated, computer-controlled drip system with full-strength Hoagland's nutrient solution [16] , delivered at 0800, 1200, and 1700 h until drought treatment was imposed on one set. After imposing drought treatment in the drought set, fertigation was managed through the real-time determination of the soil moisture status of the pots.
variation for vigor-related traits under drought stress among tropical japonica varieties -the primary varietal group used in commercial production in the US Midsouth. Earlier drought studies conducted on rice have primarily used genotypes belonging to the indica rice subspecies that is the most predominant rice subspecies grown worldwide.
We hypothesized that the potential variability in the genotypes could serve as a pre-breeding resource for the U.S Midsouth and similar rice-growing areas under limited irrigation conditions. The overall objective of the present study, therefore, was to explore the morphogenetic plant features of rice related to early vigor and trait expression under water-limited conditions among tropical japonicas. Specific objectives were to (1) screen different rice germplasm for drought stress tolerance based on their above and below-ground traits; (2) classify rice genotypes based on combined stress response index to limited water conditions, and (3) study the interrelationships among different morphometric traits. We expect that this information will be useful for identifying promising genetic donors for tolerance to responsiveness to limited moisture stress that can be used for breeding promising rice varieties.
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Germplasm Used and Experimental Setup
A total of 100 rice genotypes were evaluated for response to drought during the summer of 2016. Of these, 95 belonged to the tropical japonica varietal group, four were indicas (El Paso 144, Inia Tacuari, IRGA409, and N-22), and one was a temperate japonica (Niponbare). Seventy of these genotypes were breeding lines under development while 30 were commercially released varieties. Of the latter, 25 were released for commercial use in the US Midsouth. The experiment was conducted using pre-fabricated mini-hoop structures (Figure 1 ) located at the Rodney Foil Plant Science Research facility of Mississippi State University, Mississippi State, USA (33°28′ N, 88°47′ W), MS, USA. Each structure consisted of a PVC framework with 4 MIL polythene wrapping having the dimensions of 2 m width × 1.5 m height × 5 m length. Space was enough to cover 300 pots in each structure and accommodate one experimental set of three replications. Fungicide-treated seeds were sown in 600 polyvinyl-chloride pots (15.2-cm diameter and 30.5-cm height) filled with the soil medium comprising of 3:1 sand/top soil classified as a sandy loam (87% sand, 2% clay, and 11% silt) and the bottom of each pot was filled with 500 g of gravel. Initially, five seeds were sown in each pot at optimum depth and, 7 days after emergence, the plants were thinned to one per pot. Plants were irrigated three times a day through an automated, computer-controlled drip system with fullstrength Hoagland's nutrient solution [16] , delivered at 0800, 1200, and 1700 h until drought treatment was imposed on one set. After imposing drought treatment in the drought set, fertigation was managed through the real-time determination of the soil moisture status of the pots. Pre-fabricated and modular mini-hoop structures used in this study to assess drought stress effects on morpho-physiological traits of rice genotypes. Pot: a polyvinylchloride plastic pot of 15.2-cm diameter and 30.5-cm height. Figure 1 . Pre-fabricated and modular mini-hoop structures used in this study to assess drought stress effects on morpho-physiological traits of rice genotypes. Pot: a polyvinyl-chloride plastic pot of 15.2-cm diameter and 30.5-cm height.
Drought Treatments
All test rice genotypes were laid out in three replications using a completely randomized design in both the control and drought stress treatment. A similar experiment to screen the rice genotypes at vegetative stage under drought conditions using rainout structures was previously carried out, revealing the effectiveness of the experimental setup [17] . After the establishment of seedlings (12 days after sowing), the drought treatment was imposed by maintaining soil moisture at 50% until harvesting of the trial (30 days after sowing). The soil moisture status and the temperature in mini-hoop structures were monitored through real-time sensors (Model EM50R Soil Moisture and Temperature Sensor, Decagon Devices, Inc., Pullman, WA, USA) throughout the experiment. A summary of the soil moisture status of the trial is shown in Figure 2 . The net solar radiation availability of approximately 97 percent under the mini-hoop structures is also monitored at various stages of the experiment using a light meter (Li-250A, LI-COR, Inc., Lincoln, NE, USA). Real-time temperature sensors were used to measure the diurnal temperature regimes and the average day temperature recorded was 33.2 • C, while the night temperatures hovered around 22.7 • C.
in both the control and drought stress treatment. A similar experiment to screen the rice genotypes at vegetative stage under drought conditions using rainout structures was previously carried out, revealing the effectiveness of the experimental setup [17] . After the establishment of seedlings (12 days after sowing), the drought treatment was imposed by maintaining soil moisture at 50% until harvesting of the trial (30 days after sowing). The soil moisture status and the temperature in minihoop structures were monitored through real-time sensors (Model EM50R Soil Moisture and Temperature Sensor, Decagon Devices, Inc., Pullman, WA, USA) throughout the experiment. A summary of the soil moisture status of the trial is shown in Figure 2 . The net solar radiation availability of approximately 97 percent under the mini-hoop structures is also monitored at various stages of the experiment using a light meter (Li-250A, LI-COR, Inc., Lincoln, NE, USA). Real-time temperature sensors were used to measure the diurnal temperature regimes and the average day temperature recorded was 33.2 °C, while the night temperatures hovered around 22.7 °C. 
Measurements
Developmental Parameters
Plant height (PH), tiller number (TN), and leaf number (LN) were measured on the 28th day of sowing. Leaf area was measured using the LI-3100 leaf-area meter (LI-COR, Inc. Lincoln, NE, USA) on harvesting followed by measurement of plant components. Leaf dry weight (LDW), stem dry weight (SDW), shoot dry weight (SHDW) and total dry weights (TDW) were measured from all plants after oven drying at 75 °C until a constant weight was reached. From the shoot and root dry weight, root/shoot (RSR) was estimated in all the rice plants and treatments. To account for genotypic differences, all comparisons were done concerning the control.
Physiological Parameters
Instant chlorophyll measurements were recorded in all genotypes using a SPAD meter (SPAD 502 Minolta Inc., Ontario, Canada) on the 25th day after sowing. Chlorophyll fluorescence was measured using the Fluropen 1000 (Photo System Instruments, Kolackova, Czech Republic) for OJIP Analysis. Application of chlorophyll fluorescence fast-transient analysis (OJIP) is a simple and noninvasive tool for monitoring chloroplast function. The OJIP analysis is used as a sensitive, reliable, 
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Physiological Parameters
Instant chlorophyll measurements were recorded in all genotypes using a SPAD meter (SPAD 502 Minolta Inc., Ontario, Canada) on the 25th day after sowing. Chlorophyll fluorescence was measured using the Fluropen 1000 (Photo System Instruments, Kolackova, Czech Republic) for OJIP Analysis. Application of chlorophyll fluorescence fast-transient analysis (OJIP) is a simple and non-invasive tool for monitoring chloroplast function. The OJIP analysis is used as a sensitive, reliable, and quick test for the functionality and vitality of the photosynthetic system. Minimal Fluorescence Intensity (F o ), Maximal Fluorescence Intensity (F m ), Maximal Variable Fluorescence (F v ) and F v /F m were measured to get the maximum potential quantum efficiency of Photosystem II to derive clues about the stress effect on the experimental rice lines.
Root Image Capture and Analysis
After uprooting plants from columns, roots were cut and separated from the stems and washed carefully avoiding any disturbance to the root system. Longest root length (LRL) was measured Agronomy 2019, 9, 199 5 of 16 using a metric ruler. The cleaned individual root systems were floated in 5 mm of water in a 0.3-by 0.2-m pre-cleaned Plexiglas tray. For a clear scan, roots were untangled and separated with a plastic paintbrush to minimize root overlap. The tray was placed on top of a specialized dual-scan optical WinRHIZO scanner (Regent Instruments, Inc. Quebec, Canada, 2009), linked to a computer software system. Gray-scale root images were acquired according to the same procedure described [13, 18, 19] previously by setting the parameters to high accuracy (resolution 800 × 800 dpi). Acquired images were analyzed using the WinRHIZO optical scanner and associated software for the cumulative root length (RCL), root surface area (RSA), average root diameter (ARD), root volume (RV), number of roots (RN), number of root tips (NRT), number of root forks (NRF), and number of root crossings (NRC).
Data Analysis, Terminology and Drought Tolerance Indices
The data from all measurements of root traits were recorded and compiled in Microsoft Excel 2016. Descriptive analysis including means, standard deviations (SD), coefficients of variation (CV), and analysis of variance (ANOVA), were calculated for the traits under control and drought treatments using SAS program [20] (v 9.4, SAS Institute, Inc., Cary, NC, USA, 2011) using a completely randomized design considering rice lines and drought as source of variance. Data were analyzed using a one-way ANOVA via PROC GLM in SAS to determine the effect of drought on the developmental, physiological, and root parameters. The Fisher's protected least significant difference test at p = 0.05 was employed to test the differences among the treatments for the measured parameters. The standard errors of the mean were calculated using Sigma Plot 13.0 (Systat Software, Inc., San Jose, CA, USA, 2015) and presented in the figures as error bars.
Drought Response Characterization
All rice lines examined in the study were classified into different response groups based on their early stage individual response to the drought stress and subsequent summation of individual index values for each trait [21] . The Combined Drought Stress Response Indices (CDSRI) was calculated by adding Individual Drought Stress Response Indices (IDSRI) for all traits. Initially, IDSRI values for each parameter were calculated as the trait value of a parameter (Pvl) under drought for a given rice line divided by the trait value for the same parameter (Po) under controlled conditions as follow: IDSRI = Pvl/Po; and
Based on the CDSRI values, rice genotypes were classified into five response groups viz highly sensitive, sensitive, moderately sensitive, tolerant, and highly tolerant.
Results
Performance of Rice Genotypes and Interaction with Drought
The analysis of variance for developmental traits revealed significant (p > 0.001) differences among the rice genotypes, drought treatments, and genotype × drought interaction for all traits except LN and SDW (p > 0.05) ( Table 1) . Among root traits, non-significant interactions were observed in RSA, ARD, NRT, LRL, and RN while for physiological traits, the non-significant interaction was observed in SPAD and F v /F m . Significant variation was observed for most traits among lines and even across experimental setups, indicating the presence of genetic variation, which could be exploitable through breeding. Table 1 . Analysis of variance across the genotype, treatments, and their interaction for the morphological parameters measured viz plant height (PH, cm plant −1 ), tiller number (TN, no. plant −1 ), leaf number (LN, no. plant −1 ), leaf area (LA, cm 2 plant −1 ), leaf dry weight (LDW, g plant −1 ), stem dry weight (SDW, g plant −1 ), root dry weight (RDW, g plant −1 ) shoot dry weight (SHDW, g plant −1 ), root/shoot ratio (RSR), total dry weights (TDW, g plant −1 ), cumulative root length (RCL, cm plant −1 ), average root diameter (ARD, mm plant −1 ), root volume (RV, cm 3 plant −1 ), number of root tips (NRT, no. plant −1 ), number of root forks (NRF, no. plant −1 ), number of root crossings (NRC, no. plant −1 ), longest root length (LRL, cm plant −1 ), number of roots (RN, no. plant −1 ), chlorophyll content (SPAD), minimal fluorescence intensity (F o ), maximal fluorescence intensity (F m ), maximal variable fluorescence (F v ), and fluorescence (Fv/Fm). Measurements were taken at harvesting time, 28 days after sowing. Pairwise correlations among the traits were calculated to assess the extent of interrelationships between the traits as continuous variables, which could potentially serve as a basis for indirect selection of promising lines. The developmental traits LA, PH, and TN, were positively correlated (p < 0.001) with all traits except LN (Supplementary file, Table S1 ). In root traits, the relationships between ARD and NRC (r = −0.04, n = 100), and between ARD and NRT (r = −0.03, n = 100) were found to be non-significant along with the relationship between RSR and NRT (r = 0.004, n = 100). The rest of the root traits had positive and significant correlations with r-values ranging from 0.055 to 0.736. Among the physiological traits, F v /F m exhibited non-significant correlation with most of the traits while SPAD had negative and significant correlation with F o (r = 0.15, p < 0.01, n = 100), F m (r = 0.13, p < 0.01, n = 100) and F v ( r = 0.13, p < 0.01, n = 100) (Supplementary file, Table S1 ).
Developmental Traits
All the developmental traits like PH, TN, LA, LDW, and SDW were affected by drought imposition except LN that more or less remained constant across treatments and even across genotypes (Supplementary file, Tables S2 and S3) 
Root Traits
Major root growth parameters like RCL, RSA, and RN were severely affected by drought stress conditions in most of the rice genotypes. Average RCL in controlled conditions was 6009 cm as compared to 5498 cm under drought. Under drought conditions, maximum RCL of 7455 cm was expressed by genotype N-22 and minimum CRL of 3136 cm by Cheniere (Table 2 and Supplementary file, Table S4 ). The ARD of 0.50 mm was found to be similar under both control and drought stress treatments, with the genotype RU1401067 having the maximum ARD of 0.52 mm. Drastic reduction in RN was observed under drought conditions where it ranged between 20 and 50, with an average RN of 32. Maximum RN under drought was found in the genotype N-22, and minimum RN was in RU1401090. Plant roots optimize their architecture to acquire water and essential nutrients. Under drought conditions, the number of forks and crossings differed significantly among the rice genotypes, with genotype RU1204197 having maximum NRF of 89,898 and the genotype RU1402005 with minimum NRF of 13,078 and average NRF of 63,434 under drought conditions (Supplementary file, Table S4 ). A significant reduction was observed in NRC between the control (7076) and drought treatment (4603). There was no significant effect of drought on NRT, with the genotype GSOR100417 having maximum NRT of 47,327 and genotype Cheniere with minimum NRT of 18,491 under drought conditions, as compared to the average NRT of 32,059 under control conditions. 
Physiological Traits
In the present study, significant differences were observed among all genotypes under control and drought condition though with a narrow range. Under drought conditions, the maximum SPAD was observed for genotype RU1301084 (45.73) and the minimum in genotype Niponbare (32.83), with an average value of 41.00, which is higher than the control average of 38.78. F v /F m ratio under drought conditions averaged at 0.692 with the maximum value in genotype CL271 and minimum in RU1504100, with 73% of the genotypes falling below the average values (Supplementary file, Table S2 ).
Individually, F v and F m result under both control and drought conditions were significant for cultivars as well as for their genotype × drought interactions (Table 1, Supplementary file, Table S5 ).
Root Traits Using Image Analysis
In the present study, scanner-based root image analysis was used to unravel the architecture of rice genotypes. The visual appearance of root scan results revealed correspondence of early vigor parameters with the root scan images among the respective response group genotypes, wherein CDRI values were effective in classifying the genotypes based on the overall responses (Figure 3) . The genotype (GSOR 10758) and rice breeding line (RU 1402174) contributed a strong, well-structured root system and higher abundant root hairs while genotypes (CHENERY, CL 151) and rice breeding line RU 1,401,161 exhibited a less-structured root system with reduced RN and RNL at the drought treatment ( Figure 3) . Comparatively, all rice breeding lines and genotypes designated as drought tolerant in the current study revealed larger, more robust and branched root systems with higher values for root parameters, whereas drought sensitive rice breeding line and genotypes showed less organized root structures with low values for root parameters. line RU 1,401,161 exhibited a less-structured root system with reduced RN and RNL at the drought treatment ( Figure 3) . Comparatively, all rice breeding lines and genotypes designated as drought tolerant in the current study revealed larger, more robust and branched root systems with higher values for root parameters, whereas drought sensitive rice breeding line and genotypes showed less organized root structures with low values for root parameters. 
Classification of Rice Genotypes Based on Drought Response
Using mini-hoop structures in combination with developmental, root, and physiological traits, this study effectively developed a scoring system for early season drought tolerance in rice. Results indicated that by using two indices (CDSRI and IDSRI), all rice genotypes could be classified into different groups viz highly sensitive, sensitive, moderately sensitive, tolerant, and highly tolerant to drought based on their cumulative response for all shoot and root parameters. The CDSRI values ranged from 14.70 (highly sensitive) for the genotype Cheniere to 27.96 (highly tolerant) for the genotype RU1402174. Based on the resilience to drought, six genotypes were classified as highly drought tolerant and five genotypes were grouped in the highly sensitive class, with the majority of genotypes (45) falling under moderate response class ( Table 2 ). The correlation coefficient (r 2 ) between the combined root drought response index and cumulative drought stress response index using CDSRI for drought tolerance was positively correlated (r 2 = 0.91 for root and r 2 = 0.48 for shoot at p = 0.0001, n = 100) This implies the greater importance of root parameters than shoot parameters in identifying drought tolerant rice lines using these indices. The plot of shoot drought response index relative to the root drought stress response index also revealed a positive correlation coefficient (r 2 = 0.45, p = 0.0001, n = 100) (Figures 4 and 5) . 
Discussion
In the southern US, where rice is grown on more than two million acres (>809,000 hectares), almost all the varieties cultivated belong to the tropical japonica subspecies or varietal grouping. Tropical japonica rice, however, has not been well characterized for drought stress tolerance-related traits, in general, and using mini-hoop structures, in particular. This study is the first to screen a wide array of rice genotypes of diverse origin in a perfect or uniform phenotypic platform, with all traits closely monitored across treatments with desired automation. Therefore, assessing genetic variability for drought tolerance using this methodology in tropical japonicas could be important, not only for commercial cultivation under current drought-challenged conditions but also for the future 
In the southern US, where rice is grown on more than two million acres (>809,000 hectares), almost all the varieties cultivated belong to the tropical japonica subspecies or varietal grouping. Tropical japonica rice, however, has not been well characterized for drought stress tolerance-related traits, in general, and using mini-hoop structures, in particular. This study is the first to screen a wide array of rice genotypes of diverse origin in a perfect or uniform phenotypic platform, with all traits closely monitored across treatments with desired automation. Therefore, assessing genetic variability for drought tolerance using this methodology in tropical japonicas could be important, not only for commercial cultivation under current drought-challenged conditions but also for the future development of tropical japonica varieties suited for water-limited environments and cropping systems requiring less water in the future.
Many studies have been done on drought stress in rice, but all these involved different methodologies, both in the field [15] and greenhouse [22, 23] . Achieving early vigor quickly and accumulating biomass rapidly will be critical factors under both normal and stressed rice [24] .
Recently, using mini-hoop structures has been found as an effective approach for studying the effect of drought conditions on some crops such as high-value off-season vegetables like French bean and amaranth [25] . In Mississippi, tropical japonica varieties were grown on almost 200,000 acres in 2016 [26] . Tropical japonica rice, however, has not been well characterized for drought stress tolerance-related traits, in general, and using mini-hoop structures, in particular. Moreover, physiological expression of rice genotypes and its suitable interpretation in rice breeding perspective can lead to more reliable control of water-stress severity and duration at the critical growth stages, and this will result in the development and utilization of effective selection measures on a longer-term basis [27] .
Performance of Rice Genotypes and Interaction with Drought
Drought occurring at different stages of crop development, in different soil types, and under diverse management regimes, affects crop growth differently. Identifying the combination(s) of favorable morphological traits from different available germplasm pools can lead to obtaining sustainable rice yields [28, 29] . The results of the analysis of variance for developmental traits may be expected at early stages since the leaf number and above ground weight per se were constant across lines and over treatments. Among root traits, the non-significant interaction was observed in RSA, ARD, NRT, LRL, and RN while for physiological traits, non-significant interaction was observed in SPAD and F v /F m . Significant variation was observed for most traits among lines and even across experimental setups, indicating the presence of genetic variation, which could be exploitable through breeding both using exclusively tropical japonicas as parents and using identified tropical japonica genotypes to improve drought tolerance of indica and temperate japonica germplasm. The results of pairwise correlations among the developmental traits LA, PH, and TN with all traits are indicating that the canopy architecture attributes are complementing each other, which can lead to enhanced biomass accumulation during early vegetative stages of the rice life cycle. The drought tolerance of rice plants is always associated with constitutive and plant-type traits, like rooting depth, root thickness, leaf area, plant height, and flowering time [30] . The correlation analysis can be necessary to determine the direction of selection and the numbers of characteristics that need to be considered in improving any important plant character. For plant breeders, component traits directly or indirectly contributing to yield are useful if they are easily measurable and correlated with each other while having greater genetic diversity than yield itself [13] .
Developmental Traits
Abiotic stresses like drought can affect the physiological status of an organism and certainly have adverse effects on growth, development, and metabolism [31] . Negative effects of water deficit on mineral nutrition and metabolism drastically affect the plant developmental features like plant height and leaf area and alter assimilate partitioning among the plant organs [32] . All the developmental traits like PH, TN, LA, LDW, and SDW were affected by drought imposition except LN, which more or less remained constant across treatments and even across genotypes. These findings are in agreement with Islam [33] that found moisture stress in early vegetative stages to hamper plant height due to the inhibition of the increase in cell length as well as to the reduction in cell division under water deficit. LA was also drastically reduced in all genotypes under drought conditions. The drastic reduction of leaf area can be attributed to limited photosynthesis due to a decline in Rubisco activity [34] . The activity of the photosynthetic electron transport chain is finely tuned to the availability of CO 2 in the chloroplast and change in photosystem II under drought conditions [35] .
Leaf area being an important benchmark for virtual plant performance under drought as leaf area declines according to the onset and rate of senescence, thus determining the amount of green leaf area maintained throughout plant life [36] . Water stress can also affect leaf area by speeding the rate of leaf senescence [37] . Farooq et al. [38] suggested that total dry biomass could be exploited as a stress parameter to estimate drought tolerance. Under drought stress, the reduction in the dry matter can be attributed to the reduction of leaf area leading to slow photosynthesis rate resulting in limited assimilates under drought [39] . Under drought condition, RSR changed significantly with an average increment of 86%. This increase in RSR can be attributed to the increase in dry matter and soluble sugars in roots under drought conditions because of an increase in leaf sucrose phosphate synthase and root invertase activity resulting in more sucrose availability for transport from leaves to roots [40] .
Root Traits
Roots play a crucial role in mineral and water acquisition and are targeted to enhance plant productivity under a diverse range of growing conditions including drought [41] . Under different types of prevailing drought stress, plasticity in root length density or total root length [42] and lateral root length and branching [43] have always been observed to improve shoot biomass, water uptake, and photosynthesis under drought in rice. Major root growth parameters like RCL, RSA, and RN were severely affected by drought stress conditions in most of the rice genotypes. Generally, if root length exceeds a certain size, the branching process starts by initiation, emergence, and growth of lateral roots from the root pericycle and epidermis [44] . Lateral roots are responsible for the capturing larger quantities of water and nutrient absorption [45] as they account for approximately 77% of the surface area of the root system in any crop under all prevailing crop growing conditions [46] . In water-stressed soils, there is reduced oxygen supply, with a physical barrier like hardpans, and generally poor adaptation of roots to the aerobic condition. These in turn limit exploitation of deeper soil layers, hence reducing root length and biomass production [47] . The ARD of 0.50 mm was found to be similar under both control and drought stress treatments, with the genotype RU1401067 having the maximum ARD of 0.52 mm. This finding suggests that the comparable values of ARD under stress are probably because of enhanced cell elongation that provides drought resistance because of enhanced penetration ability [48] . Drastic reduction in RN was observed under drought conditions. Plant roots optimize their architecture to acquire water and essential nutrients. The number of root forks, tips, and crossings plays an important role in root architecture as they have the potential to enhance penetration through soil layers, resulting in a positive effect on plant nutrient uptake. Under drought conditions, unlike NRT the number of forks and crossings differed significantly among the rice genotypes.
Physiological Traits
Many physiological factors may be responsible for drought stress injury as drought stress both damages the photosynthetic apparatus and diminish chlorophyll content [49] . The multiplicity of crop growth factors involved in drought stress injury suggests that screening studies of many kinds may be useful for characterizing drought resistance [50] . In the present study, significant differences were observed among all genotypes under control and drought condition though with a narrow range. The decline in SPAD values is a progressive phenomenon under drought conditions as chlorophyll degradation is one of the consequences of drought stress that may result from sustained photo-inhibition and photo-bleaching [51] . Even though other plant processes, like cell division and cell expansion, are the earliest to respond to water deficit stress, a decline in SPAD index is a sensitive and readily measurable trait that could be used to screen for stress tolerance [27] . Chlorophyll fluorescence measurements of Fv/Fm represent the maximum photochemical efficiency of PSII and in turn indicate that the effect of drought stress in the fluorescence parameter Fv/Fm, which is a measure of cumulative photo-oxidative damage to PSII [52] . For F v /F m , 73 percent of the genotypes fell below the average value under induced drought conditions. Drought stress generally results in decreased F v /F m ratio, which will be mainly expressed in drought-susceptible genotypes. Stress-induced reduction in F v /F m is an indication of photoinhibition associated with an over-reduction of PSII [53] . The ability to maintain high F v /F m under drought stress thus indicates a high efficiency of radiation use, possibly for photochemistry and carbon assimilation. Colom and Vazzana [54] reported similar correlations between F v /F m and drought tolerance in Weeping lovegrass cultivars, with high F v /F m values being associated with drought tolerance and low F v /F m values being associated with susceptibility to drought stress. Individually, F v and F m result under both control and drought conditions were significant for cultivars as well as for their genotype × drought interactions.
Classification of Rice Genotypes Based on Drought Response
Present systems for classifying genotypes for drought tolerance include filed based rating scales such as those in the Standard Evaluation System [55] . The identified tolerant genotypes in this study could withstand early season drought stress under dry direct seeding practice. Moreover, farmers could use the identified tolerant genotypes to manipulate flushing practice following planting. Using mini-hoop structures in combination with developmental, root, and physiological traits, this study effectively developed a scoring system for early season drought tolerance in rice. The rice breeding lines (RU1402195, RU1401145, and RU1402174) and genotypes (INIA Tacuari, CL163, and N-22) were identified to be the most drought tolerant genotypes in the present study. Thus, they may be used along with other water-saving strategies to improve crop yields in commercial rice production. The cultivar N-22 is a rice genetic donor that has been used extensively in previous drought response studies and has shown tolerance to heat and other stresses as well [56] . Singh et al. [6] and Massey et al. [57] have also determined similar or higher yields for (RU1104122, CL151, CL142-AR, and CL111) when grown under intermittent flooding as compared to continuous flooding. The high and very high drought tolerant rice breeding lines and genotypes in this study may have inherent tolerance under variable drought levels, which could let them fit well with different water saving strategies.
Conclusions
The screening of 100 rice genotypes in this study revealed ample genetic diversity in concerning their response for all traits measured under early season drought stress. The low-cost prefabricated module used as a screening platform enabled efficient dissection of plant traits. Drought exposure significantly affected all the genotypes for the growth parameters that influenced processes essential for healthy canopy establishment, which subsequently is pivotal for reproductive growth and final yield recovery. Root scan imaging using WinRHIZO revealed extensive insight into the functional architecture of roots under stress and results revealed coherence of the scan capture with the overall performance of the genotype that can potentially be exploited for screening purposes. Based on the CDSRI-based classification, the genotypes N-22 and RU1402174 were the most tolerant concerning most of the traits measured under drought stress and Cheniere was the most sensitive among the genotypes to drought. Retrospective insight on the phenotypic potential of a genotype is essential for its effective use to meet research objectives. Thorough early season drought stress tolerance screening using the platform in this study resulted in the identification of promising genotypes that can be harnessed by breeders for increasing the level and improving the sustainability of rice production to meet future demands. Further, there is a need to test these rice genotypes under different growth stages by including a reproductive period for their response to soil moisture stress conditions.
Supplementary Materials: The following are available online at http://www.mdpi.com/2073-4395/9/4/199/s1, Table S1 : Pairwise correlations among various growth, developmental, and physiological traits of 100 rice lines and genotypes. Measurements were taken at harvest, 28 days after sowing. Table S2 : Drought stress effects on morpho-physiological parameters measured at the harvest, 28 days after sowing. Plant height (PH, cm plant −1 ), leaf area (LA, cm 2 plant −1 ), total dry weight (TDW, g plant −1 ), root surface area (RSA, mm 2 plant −1 ), root volume (RV, mm 3 plant −1 ), total chlorophyll content (SPAD), and quantum efficiency (Fv/Fm). Table S3 : Drought stress effects on morphological parameters measured viz tiller number (TN, no. plant −1 ), leaf number (LN, no. plant −1 ), leaf dry weight (LDW, g plant −1 ), stem dry weight (SDW, g plant −1 ), and shoot dry weight (SHDW, g plant −1 ). Table S4 : Drought stress effects on root parameters viz cumulative root length (RCL, cm plant −1 ), average root diameter (ARD, mm plant −1 ), number of root tips (NRT, no. plant −1 ), number of root forks (NRF, no. plant −1 ), number of root crossings (NRC, no. plant −1 ), longest root length (LRL, cm plant −1 ), number of roots (RN, no. plant −1 ), root dry weight (RDW, g plant-1), and root-shoot ratio (RSR). Measurements were taken at harvesting time, 28 days after sowing. Table S5 : Drought stress effects on physiological parameters measured viz. minimal fluorescence intensity (F o) , maximal fluorescence intensity (F m) , and maximal variable fluorescence (F v). Measurements were taken at 28 days after sowing.
